To investigate the optimal technique for repairing recurrent rhegmatogenous retinal detachments.
INTRODUCTION
Rhegmatogenous retinal detachment can be successfully repaired after a single vitreoretinal procedure in approximately 80% to 90% of cases. The most common reason for failure of primary repair is believed to be the development of proliferative vitreoretinopathy (PVR), which accounts for the failure of 7% to 10% of primary repairs and an increased proportion of secondary procedures. Although high anatomical success rates are reported using various surgical retinal reattachment techniques for both primary and secondary repair, permanent anatomical failure ultimately results in 3% to 5% of cases. 1, 2 Not much is known about the influence of primary surgery on final outcome in recurrent retinal detachment; even less is known regarding the merits of different techniques of repairing recurrent detachment. A recent case series reported by Mansouri et al in which 48 of 286 eyes experienced recurrent detachment suggested that those undergoing scleral buckling (SB) as the primary procedure require a statistically significant lower number of reoperations in order to achieve anatomical success when compared to patients undergoing pars plana vitrectomy (PPV) or combined procedures. 3 Furthermore, the study authors assert that patients undergoing SB are more likely to achieve a better final visual outcome, with a lower incidence of cataract formation and less "requirement" for silicone oil as the tamponading agent. Quiram et al conducted a retrospective study of 56 patients with PVR re-detachment who underwent PPV with inferior retinectomy. 4 Their results suggested improved outcomes with silicone oil tam-ponade and radical anterior vitreous base dissection with retinectomy. In contrast, addition of a buckle or buckle revision was not associated with an improved chance of anatomical success. Tseng et al performed a retrospective analysis of 81 cases of recurrent detachment with PVR and similarly found that silicone oil tamponade in combination with relaxing retinotomy was associated with an increased incidence of success. 5 These findings are in keeping with the observation that reattachment surgery with the aid of either silicone oil or perfluoropropane is associated with improved chances of anatomical success. [6] [7] [8] Because the optimal secondary repair procedure following failed primary rhegmatogenous retinal detachment (RRD) repair is unclear, vitreoretinal surgeons tend to select their method of repair based on personal preference and the clinical features of the recurrent detachment, which can vary from a single missed break with localized detachment to multiple breaks, total detachment, and advanced PVR. Although the success rate of buckle revision may be as high as 78.6%, 9 the current trend is to treat recurrent retinal detachments with PVR by PPV with intraoperative peeling of membranes combined with tamponading agents. 10 Other options for secondary repair include combined PPV with SB encirclement or revision, PPV combined with buckle removal, 11 and pneumatic retinopexy. 12 The aim of this paper is to compare success rates of PPV and combined PPV and SB in recurrent retinal detachments following failed primary repair procedures.
MATERIALS AND METHODS
The institutional review board approved this retrospective, nonrandomized, comparative chart review of secondary RRD procedures performed at Sydney Eye Hospital between January 2007 and January 2009. All patients with recurrent RRDs following a failed primary repair procedure within this time period regardless of phakic status, number or location of breaks, refractive error, presence of PVR, or macula status were included. Eight vitreoretinal surgeons performed or supervised vitreoretinal fellows in all surgical procedures included. Patients were excluded from the study if there was no documented follow-up of at least 6 months, preexisting macular disease prior to the primary repair procedure, or if the primary repair technique did not involve PPV, SB placement, or a combination of PPV and SB placement. Patients who underwent a lensectomy or pneumatic retinopexy in combination with PPV or PPV and SB were excluded.
Surgical Technique
Patients who underwent secondary repair by PPV had a standard three-port 23-gauge PPV with or without vitreous base shaving using a wide-angle viewing system according to surgeon preference. Vitreous cutting rates of 2,500 cuts per minute with low vacuum settings were applied using the Accurus surgical system (Alcon, Fort Worth, TX). If PVR was evident, intraoperative membrane peeling was performed with or without the use of adjunctive membrane-staining dyes and/or perfluoro-n-octane assistance. An air-fluid exchange was performed and subretinal fluid was removed either with a posterior drainage retinotomy or by anterior drainage with or without the assistance of perfluoro-n-octane. Retinectomies were performed at the surgeon's discretion. All retinal breaks were treated with cryotherapy and/or endolaser photocoagulation. The vitreous was substituted with either a premixed variable expansile/nonexpansile concentration of sulfur hexafluoride or perfluoropropane, perfluoro-n-octane, or silicone oil 1,300 centistokes depending on surgeon preference. The sclerotomies were sutured at the surgeon's discretion. Lensectomies were not performed during any of the procedures.
Patients who underwent both SB placement and PPV had the encircling buckle element placed prior to the PPV portion of the case. A No. 42 encircling band was sutured onto the sclera according to the sur- geon's preference. The PPV portion of the case proceeded according to the steps above.
Data Collection and Analysis
The data were collected by chart review of consecutive patients presenting with recurrent RRD following failed primary repair procedures. The preoperative data collected included the patient's best corrected visual acuity (BCVA), age, phakic status (pseudophakic, phakic, or aphakic), myopic status (ie, greater than or equal to -6 diopters of myopia historically), presence of PVR grade B or higher (according to the classification of Machemer et al 13 ), presence of missed breaks, and macula status (detached/off or attached/on) prior to undergoing secondary repair for a recurrent detachment. The intraoperative data collected included the type of secondary procedure performed, the type of vitreous substitute utilized, and whether a retinectomy was performed during the secondary repair procedure. The postoperative data collected included whether the retina re-detached, the length of follow-up, the last documented BCVA, and the development of an epiretinal membrane (ERM), macular hole, cataract formation/progression requiring surgery, cystoid macular edema lasting 6 or more months, or a postoperative increase in intraocular pressure requiring either filtration surgery or one or more ocular antihypertensive medications for more than 3 months. Subjects were considered to have an ERM only if the clinician documented the ERM as a visually significant exam finding in the postoperative period. The retina was considered reattached only if 100% of the remaining retina was anatomically in place.
The primary outcome of this study was the anatomical reattachment rate for each RRD repair procedure following a failed primary repair surgery. The secondary outcome was the proportion of patients achieving a final acuity of 6/12 or better. Exact 95% confidence intervals (CIs) for anatomic success rates were computed. For the purpose of analysis, Snellen visual acuities were converted to logMAR values developed by Ferris et al.
14 LogMAR values of +3.0 and +2.0 were assigned for visual acuity of hand movement and counting fingers, respectively, according to Holladay's methods. 15 Additionally, we assigned a logMAR value of +4.0 for an acuity of light perception.
We also analyzed our data to explore other variables' influence on outcomes, including presence of PVR, location of break (inferior vs other), number of breaks (single vs multiple), and phakic status. Finally, we assessed the number of reoperations required to anatomically reduce secondary retinal detachment in those undergoing SB, PPV, and combined SB and PPV as the initial procedure as well as factors influencing the choice of procedure. Outcomes were assessed using the VassarStats and AcaStat statistical software packages. In our analysis, P ≤ .05 was the threshold for statistical significance.
RESULTS
A total of 565 case notes of patients undergoing retinal detachment surgery were reviewed, from which 104 patients met the criteria for study inclusion; of the latter, 69 underwent PPV and 35 underwent combined PPV and SB procedures. The average age (mean ± SD) of patients included in the study was 61.4 ± 14.4 years, and the average time from primary repair to subsequent re-detachment was 95.1 ± 148.5 days. The average duration of follow-up was 23.6 ± 1.67 months (23.6 ± 1.5 months for secondary PPV and 23.7 ± 2.0 months for secondary PPV and SB). A total of 14 patients developed ERMs, four developed macular holes, four required cataract surgery, and two underwent filtration surgery for elevated intraocular pressure. No patients had cystoid macular edema lasting 6 months or more. Overall rates of anatomical success in secondary repair (68.3%; 95% CI, 58.8% to 76.4%) were significantly lower than for primary repair (83.5%; 95% CI, 80.4% to 86.1%; Fisher exact P < .001). The average number of reoperations when analyzed by primary repair method was 1.61 (95% CI, 1.22 to 2.00) for SB, 1.35 (95% CI, 1.22 to 1.48) for PPV and 1.36 (95% CI 0.91 to 1.82) for combined PPV and SB (Figure) . This difference was not found to achieve statistical significance (ANOVA P = .28, df = 2). Vitreoretinal fellows were involved in all reported cases, and no statistical differences in anatomical outcomes were found between the different vitreoretinal surgeons. We analyzed factors influencing the surgeon's choice of reattachment technique (Table 1) . Patients who underwent primary SB were more likely to have PPV than PPV with SB revision. Patients undergoing primary combined SB and PPV were more likely to have repeat PPV than PPV with SB revision. Finally, patients who previously underwent primary PPV were evenly divided between those who underwent secondary PPV and those who underwent combined SB and PPV. Analysis of primary procedure (SB, PPV, or combined SB and PPV) versus secondary procedure (PPV or combined SB and PPV) suggests that these differences in secondary repair selection are statistically significant (x 2 = 16.7, df = 2, P < .001). Choice of secondary detachment repair method was not associated with break number, location, phakic status, or macula status.
Regarding primary outcome, 65.2% (95% CI, 53.5% to 75.4%) of PPV and 74.3% (95% CI, 57.9% to 85.8%) of combined PPV and SB procedures were successful in the treatment of re-detachment; no statistically significant difference was found between these methods (Table 2) . Similarly, there was no difference in anatomical outcomes between primary repair methods. There was no association between anatomical outcomes and mode of tamponade, number of breaks, location of breaks, lens status, myopic status, or whether retinectomy was performed (Table 2) .
Macula-on detachments were associated on univariate analysis with an increased likelihood of achieving a BCVA of 6/12 or better, as was a better presenting BCVA. Only the association between presenting visual acuity and final visual acuity remained statistically significant on multivariate analysis. There was no association between the likelihood of achieving a final acuity of 6/12 or better and primary or secondary repair method, mode of tamponade, number of breaks, location of breaks, lens status, myopic status, or whether retinectomy was performed (Table 3) .
DISCUSSION
Recurrent retinal detachment presents a surgical dilemma in terms of appropriate management and results in a significantly lower rate of anatomical success when compared to primary repair, yet comparatively little has been written about the optimal means of treatment. 3, 9 Part of the problem in determining the optimal management lies in the fact that the number of potentially confounding variables is large, including the anatomical and pathological variables of the initial pathology, as well as the methods and nuances of initial and subsequent management. This study is limited by the high number of potentially confounding variables relative to the number of patients and is further hampered by the fact that it is a retrospective, observational study.
While combined SB and PPV was associated with a higher rate of success than was PPV alone, the difference did not reach statistical significance in our group. Similarly, there was no difference between methods in terms of likelihood of achieving a BCVA of 6/12 or better. Unlike Mansouri et al, we found no evidence to suggest that failed initial SB is associated with fewer reattachment surgeries when compared to PPV and combined SB and PPV. 3 Furthermore, we did not find any evidence to suggest that initial SB provides a superior visual outcome to either PPV or combined PPV and SB on either univariate or multivariate analysis. This latter finding contrasts with the findings of Mansouri et al, who suggested that SB is associated with a superior final visual acuity.
Our analysis did not find any association between break number or location and failure rates. Furthermore, there was no association between tamponading agent and success rates; specifically, there was no evidence to support the assertion made by Quiram et al 3 and Tseng et al 4 that tamponade of PVR detachment with silicone oil is associated with increased incidence of successful RD repair. Unsurprisingly, there was an association between the likelihood of achieving 6/12 or better BCVA and mac- ula-on detachment and better presenting BCVA on univariate analysis. Our study is limited in the comparison of postoperative tamponading agents, given that the number of cases with retained perfluoro-noctane was very low. Our outcome analysis is also limited in regard to retinectomy because so few were performed in this series. In summary, secondary retinal detachment repair affords a lower chance of success when compared to primary repair; little evidence is available to aid the surgeon in deciding which treatment modality may be optimal. The surgical approach to secondary repair may be dictated by the method of primary repair, characteristics of the detachment, or other ocular features, as well as the surgeon's underlying preferences. Our retrospective study does not suggest a clear superiority of any of the two methods studied, although there was a trend toward superior anatomical outcomes for combined PPV and SB over PPV. Future multicenter, randomized, controlled studies, along the lines of the SPR study, 1 with a sample size large enough to provide adequate power to assess a difference of 9.1% (n = 399 for a power of 0.80 and a cut-off of 0.05 for statistical significance) should address these issues.
